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45 5!^, ^=-*l 7) 4-#^-§: ol-g-^c^ 54 tfl>£ 

454 Hfl^-g- cfl^ ^^5>J1, 54 tfl>£ 45 ^44 £4 cflAj. /|12] <*4 4^ 

-^44°- 5. slEBJj «>o_^a^ £440.5. °J^| 7}^jo^ cfl4 4^0} 4 

4 ^4 ^±l^*>^ 3:43 -2.5. 54* ^ XI 4^ 45 2^1- ^4 in}E 3] 55 

°H ^4" 444. St}", °- ol^-*V 41 2:3]- « 0 V^ ^ n 4^ofl ^ 

4* ^W-E-^- 4"tt ^d>E 4^ ol^-*V 41 ^4 ^ ZL Al^Eflofl ^ ^ol4. 

24^1 &44, 45. ^^£1 4^4-4^r 44* ^ 44 ifloj) ^ 

jis <?1444 444 * ^ 5a e^- 2:4 tfl^cKl 454 «H^* afl^ oj-g. 

44 £44^ ^ 5U^-°3L 45 2:4 4<34 7\±5-f>}7\) 44. s*v ( a. 

«M = 4^ ^4 4 HI- ^^lsl-^>^ efl4 4iofl cflt!: ^^1- -f-^fl 4-4*11 
4 u|ifoH.«i ( jq^io]] o^^v 544 4*3 ^4# 4^-4^1 t= SU-^ , ^-Q-tb 

4 444 £44 °J4H ^*_9_54 44 tfl^- #44 4*1-1- 4^44-1*1 41 

54-8: ^« ^ Sl^ 444 5^4. 

£ 4 
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M]S. S*h§- i4S i^B 3X)^l^. o)-g-*V 43. s^- ^ ^ zz. Al^Efl {Smart 

Pipette System and Method for Manipulating Individual Bio-Cell} 

£ la ^ S- lblT ^ ^Al^ofl af= ^D>E JX\^ /|£ yfl^ cq 7fl ^ £ 

£ 2a, 2b ^ 2ctt <|J *UHH 4= ^d>h Bfl ^ v+i^vE 

£ 3a, 3b, 3c, 3d, 3e, 3f 5? 3g^r £ <a] ^o|oJ rcf^ o]^.^ A)] a 

wfl^-i- ^^^i7i^ 4^ ^ Afls ifl^-s. oj^i^ ^.g. ^*Hr 43-3: M-e+nE 

S. 7-c: t^S] <y ^Al^ofl 14= a d ).e ^.g. o)-g-*V S^- Hj-^o^ jL#5Lo)c}. 

£ 8^ £- H -^HH ^Dj-E o|-§-*> 43 ^ zl Aj^^-i- uj- 

E}^ ?M4. 
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lit^Q -SMI* ^1 
-^31 

<9> Aj) a S3* 3tb ^^1^1 ^ 3^3^, 3313 »}%n-§r o]^\c^ 

4a^ Hfl^# cfls. ^sKa, S3" cfl^v 4a ^jzfA] ^3 tfl# 033- ^^.i- 

^3#-°5. s) = «fl «>o_^^i ^^>^o.S. ^^jHl- 7}^o_S.^ S3 tfl# 4a^| ^lne^ ( sj- 
^3 t^^-i: ^isfsj-D] JL 3430.5. S3"* &a^- ^ 4a S3# ^tl- 3} 35 

<io> m. wv^^. 3)^1^ o]-g-*v 4a S3 u o V ^ ^ ^. 3s^l , ^1 

^a S3" *r«8*l U:^*Kr ^3" 3iL« SnfH 3X)^l ^o^l tiVcg^^ 45. s3# ^r^^Va^- 

Snj-H a^-fr oj-g-^- ^a S3 y o V ^ ^ 3. 3S«M1 ^ ^olcf. 

<11> ^ t£i=, O]^ tfl#0_3. «>Ola ^-0>6fl tfl^. ^O] ^JT. oio^, 01^- 

3 DNA ^JAM 7>^o] 01^ ^ °- nlsl ofltg-syo} $1^ 

^-i- ^ SZa-ij- <a^7> %^}?\) 9X^. ^e4^, ^ <2^*H1 ^ 

*ti 3^- ^ s3^Htt 1J-333 Qt= -8-33-7}- 3m4a4*1 ^sfl ^4^4 4a 

3-^ 3iNi ^<a-4ai- is^cf^ A}^-a- 4^1 «> °xt±. 

<12>a*V ( ^ Sj-^oHlAi^ Aj- 7 ) yJ-oljO. «.o>ofl tHtb 7l#(BT)ol ^>3 0.5 <£^j\ ^^5l7l 

<4^ 7l^(NT), 3 i 7l#(IT) ^-4 3^-3°1 flfe 3 u|] 3 o] , 

4€- 7l# ^-o>§ afl^^V =.^3 *V -g-O^HnVcq 7]#^ o]A o V ^^ 7 ] ^« ^ojl}. ofl 
1- #3 , o)^}^ a] 3 cflAV^l ojAV 0.0.=. ^^j-ji, o] 
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^ ^ aflT^lS. *Rr ^ 2:^1* -g-*fl ^ 7>^-*> ^-g; A]^- ^ &5^r s}^ 

2^ 7 fl^-c. o]e ^ a>C) |^ 7 ]- > uj.^ 7]^ ^ ^ 7l-o] o.e^ ^olcf. 



^ 7]#^ ^ Sr^JL, 7l^^ l-<y a]^ ivf (In Vitro Fertilization)^! A}-g-s) 

°i ICSI (Intracytoplasmic Sperm Injection)^ 2^-a| ^d]^ 

# -f-^fl ^ ^iL^* *1"§-*H D HH#^l°l^l- S^l-7V ^-g-^S. 2:^>7l nfl-g-ofl, a] 

^Efl S^^S-j ^i^ofl rcj-e^- 3. ^ o] ^}o)^ ^o)u^ t ^^*V ^M*)^ 

45. *M1 5^ ^ ^ Aj^^oi ^^.^t^-. 

[«V^o] 0l=J7^> ^ 7 ]#^ -4*11] 



37-6 



1020030036060 #3 ^^>: 2004/1/5 

<ie> uJ-sM, #7] ^-§- A] t^*V*1 £|o} , =^*1» 

ts-^ ^^Mi <y^i^^ ^ ufl^ ^^ai^iji 

^ SEth ^ ^-^o. ^ 2:^H1 ^<H^, 3^*1 *fl^ 45L^ 

^ 3*1 -^^T ^2f«" °fl^ ^o] a7 ] A> ^ofl ^ €^*>J7 DflolE-lSl. & 

^Al^o.^. 2]£LWJ] £l^r #7l ^4 *r*13-^ f-*fl ^ 

^£]^r ^}S. 2^ iH^Rr JE^r 4^ ^is]- ^i*} *V4. 

<18> U|-0>7l-, Aj-71 S*]- ^-g- 2:^1-71- ^-2-3. ^*>7l i±t}-^ Aj^ AJa^O.^. 3l| 

<*z}- ^ *J A>^<H1 ^Jif ol-g-^ a o V 7 ] 4^ 2^ 7.>-g-2}-l- 



<19> ^. ^ofl o]*V ^nj-e Aj- 7 ] ^-o. s.^^. Tg-Aj ^> j7 7 > ^ O. ^ , ^1 <^ 

^H^, HSfl^ A}-g-*> ^Ei^o]^ 3} ^ ^1 n>ol35. nflq^Efl 

* ^^^1 7l^r ^ 4 V 7l *\)2. 2:3- A) a o V 7 | Aj- 7l a^p>E 31) ^1 ^>6fl 
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<20> U > 34-3 71) if-, <#7] Mfl^ 2:^^ <#7] 4°l3S °HM#3H^ 3"*1 ^r *«Jtr 7>3 

l-^^7> tij-^^H, 7]-^- ti}^3tr #3°^ PDMSCPolydimethylsiloxaneHi}. 
<2i> aV^^Tll^, ^-71 ufl^ S^JjMr s^s) ^ 3<HiE ^-71 A-fl^ ^-^(penetration) 

°H n}# 1^7^ ^^1^, #7} ^fi^ 71313 n}^-^ ol-g-^o^ ^-71 ^ 

<22> yf^-^^Tll^-, <$7] >W S^^-^ 4>7l ^ 313! oil ^ sfl ^7] ^.g. ^ ^ o] aJ-e]] 
<HH #7l ^li^ yfl^ ^^A]7H, >^7l ^15L51 S3" 0 1 Sj-JLS} ^oll^ #7] ^ ^lofl 

<23> al.^^^Tll^, #71 iPVH S^V7l ^tr *H1 ^^-^-1- d) i^tf. #7] D ]^| 

^-f-^fe ^-71 ziefl^ a>-§-7> ^e^H^I- ol^-^^ ^-g-ttcf. 

<24> W^^Ml^-, Aj-7] ^Jf^ ^-71 rtyJf ^Jif ^Al^l-O.^ ^-fS 3^W. JE^, ti> 

#3*M|^, ^71 ^ ^5)^ ^-71 <*3" ^Sj-Sloi ^71 ZLSfl3 A>-g-*> 

°}E-HHS# -g-*fl ^Al^>O.S. S^HlTll ^i^Slcf. 

<&> v}#z\Z\X}^ , $-7} 43H«-^. ^E^efltH (cantilever) ^aH^, 7 }*J- w>^- 

3tr ^ 1-21^^ PVDF(Polyvinylidene Fluoride) ^#°li=f. 

<26> Cf57ll^, ^-Hlth 2}^-§- oj-g-^V ^15. «V^oll 5^1, >*flS 

S3 ^ -g-sfl <£,g- 03^ -^jsj.^ ^ 31(a); ^"71 #31(aHH ^^5}-^ # 

71 <*3- 3 ill- ^.efl^ Aj-g-3- olE^lojss. ^ir^Kf- #31 (b); ^ #7l <23)(bHH 
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^J±« «>^-^-S 41 S*Mr ^^Rr ^^l(c)« l^Rr ?A^r ^ 
^3!-§- °l-g-# 41 S^- «^4 ^ ^o]cf. 

<27> W >^^lfe, ^7] #4(aHH <*2* ^iUr -9H4 ^ 4t^§ S}^ ^sf. 

^4 cq*fl ^7} ^nRr 3^ S.u|Ei ^ -f-^fl 4^€4. 

<28> uj-iD-^Tll^, ^-71 ^-7il( C )fe ^-71 4^1 M ^ ^ ^-SL^ *>*H <gtl* -f-*H ^ 4 °] ^ 

* wliHSHr #4(d); ^ ^71 ^4(d)4^ ^j^di 41 2*M- ^r*3*Kr #4(e) 

# l^s-w. 

<29> V}#^t}7]} ^7] ^}(e)^, ^7} #4(d)4^ ^4, A o V 7] ^o) s£ 7 ] 4 

^ofl ^^^>j7 oi^ xjcHl cfltt ^£L-& <2fe ^7j|ol4. ^, ^7fl S^<y 41^ 

414 ^34 efl 0 134>H *fll ^ ^ ^ 

a.7l7> 41 «^ tfldfl 4--5\jl, 42 ^-4^ 4 ^*<m ^ H7l7> 42 ^ v)H ^r*Rr 

^4-, A oM #7)l(d)# Jf-^H ^lsHa ^a.7> ^-71 *)iH # ^^4 #*Kr *1 

<30> 4s 7 ]]^ i it^Sr in[E ilj^t ol-g-tt D 14 ^1-71 ^n}B 2)^1 S\- Afl^L #4 ^*|- 

^» £fe ^-S- ^l^f ^ ^"71 ^ ^A]JMlJfEi <*Z}- ^iLl- ^^w>o> 

^*}s^}^ 4^-¥-# lf-^& f>\±r ^°>B oi-g-*b 41 54 ^1^4 

<31> yj-eV^l^Tl]^, ^-71 #Z}- ^JjL ^A]^-^ #7l ^n>E 3) 3!^ ^7l 41^ ^ Z)- ^^s. a] 
^ A o V 7l >1D>H 2)^4- A o V 7 ] ^)jf ^.^ ^Hl- 
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<32> til^^Tll^, #7} *fl^-¥-fe 4**1 ^ ^iL# nefl^ <&*M°}£.^ o]^H 

-§^4 i-SLSl^r ^2] 3.7} 4^^. 
<34> olBj-, £ ^ofl cflsfl ^^s>3.^ 

<35> 51 la ^ 51 lb^r <£^3 Oj ^Aloflofl tt}- = iP}B Tx]^-g- oj-g-*V Hflej: t^o) 7fl u £ 

£ la^ -*7l ^n>H 3X)^oq ^ 2:^^-(l)7> #7l A(£(4)fi] Hfl^# 
<*| ^"71 41(4)4 3^*KH ol^ 5L^-§r £A]fV 7jO S AV 7 ) ^n>B S)^10) ^^o) 

^7) + ^ j=L«.ol 5)^, ^1-71 ^P>B 2)^^- 2]^^ ^ « 0 V^(£^P4 hJ-^) 

^Al^cf. £ lbfe £ laofl^i^ £°] <#7] i4£ ol^Al^l ^-f #7l 41(4) 

21 Hfl^o] s^o. £ a1§>ji ojcf. a o V 7 ] ^nfe s^ofl 2} *V Aj- 7 | ^(4)2] tifl^= ^ 

^ 51 la ^ 51 lb4 *| S^l^JL U-^ofl ^33*1 e>o.^, #7l ^n>H ^ 

<36> £ l a ofl*| J£A]5fZL Hj-fil- £ol ; ^-^1(3)^ ^li^(2)# g& ^ 41(4)5.^ XHZ.*H 

(2)4 ^ t}JL7} t}^ St 0 !*], 41 S^-* 2^ - D >- ^31^ 41«I 

(2)3f oj^*V ^*14 °J*1 ^4(3)2j- <?l^*fl ^1^ wj-^ ifl6|) ^-7] 

4l«)(2) ^ ^"71 ^"4(3)7> 7>5^ $X^, -#7) 41(4)2] tifl^* ^^Al7l7]ul- <#7] 
41(4)1- 2i^Z}7} ^tb ^1^^ ^^ 7 > ojcf. o) nfl, ^-71 ^ cfl^ol 

3tt 4K4)# ^#)O.S ZLtii\S. Jl^^^l ^^^1^1, ^7} iPfH s]35°v 

* ^o V 7l S^-oll ol-^^l^l^-^ ^^t-H 2]^2] ^^]# 7l)^£l-JL ^^^C-ll Cfl 
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o] «a]o^ SJ-l-a- ^o>^ - &t}-. 

^71 sq- ^ o]o. s s^- cfl^-o] ^3 Hfl ^ ^^a)^ ^^.7> 5a ^ til, £ la 

^ £ lb°lH £Alsr>J7 ol^ H].^ ^-ol Ufltg: S^-^-(l)^ >^7l ^li(4)^ 71 7)1^ -g-*fl 

^■EflcHl^i Aj- 7 ] ^^(4)^1^ Dl^jxl ^>o1: s}jELijL ^^oll aj^j. ^7fl7> ti>^^ 

^, ^"71 ^(4)^ a^J^ 7l7jl^ nf^^-g- ol^>H.^ £^ iL^Rr ^€ 

D] t^^Cf. A o V 7 ] P}%^ ^-71 H flig S^-^-(l)^ 7^ ^^321- # 7 1 ^£(4)^ ^ 

°1 ^^Cf. 5&th A o V 7] ^l£(4)£] Wfl*^ ^^Al 7^ ^0} 

#*8s\l= ^^Hl^ a o v 7 i ^ 3x1^01 a o > 7 i ^^(4)1- ^ Aj-71 ^15. 

£ ^]5L(4)^r £M -a> 7 1 ^ ^^Jofl o|«fl JL^tK 

^7) afl^> S^^-(l)^ PDMS(Polydimethylsiloxane)^- 7k°\ ^*H1 ^W^^s ^5. 
5L ^ ^eH^fl ^*fl ^ 21^. ^-71 JE la ^ E. lb°ll £^1^ ^pfH 

^ 2^^b 2)^^ U 7>7>^ JjL^-ofl #sH» ==7^0.5.*) ^3^1, #71 

2:^^ ^ «.«-0. 5 .«-E^ Q]^ ^ol (ofl^. S.^, ^1^21 til-^^1 *fl^Rr 71 

HD °1 a o^ ^^i^ ^ ^1 ^ a>^^. av 7 i tiH^t S^^-7]- ^ W-«-cHl 

H-T- 71-^1-01 oi^l^- ^^-cHl, o]^ ^ol M]S ^ ^^.o. ^^^-ofl oXo]A] a o V 7 1 ^^«-o)l 

n ^ °l A o v ^li ^-t-^- ^ ^Tiq- ^-^ 30] oia o v ^-jjf^q-ji ^el-s tfl^- 
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— D f— 2)35 ^ A o V 7l titf^ 2:^^.(1)71- #7l *fl*8= 2^(1)^- #7l ^|3t(4)^ afl^= 

si ^Hfl^ s.^ ^Efloii ^3*1 s^jL ^ se^ *)^s*fl<S ^ cf<g=tb ^^5. 

<40> £ 2 ^ -g- <y ^Aloflcsfl >^d>e tx]^i^ H fl^ £A]tV £ 2a^ 2) 

*M ^Jfe^ ^Efloi 3 o. AqV71 ^cfM-^ afl^ ^Jf* $31* 

Bfll- uj-EHM. £ 2c^r ^uV^o] 3^ 2} ^ofl tifl^t 2^-¥-* n^St ^Efll- l^Ej-vfl ^ol 
<41> # 7 | 2)^1^ tifl^ S^^M «>^*>7fl^, #71 sq^Jofl 0]^j^ ^SJA] #71 -Ml 5. 

5+ a^g- ^g£Sl ^^Hl ^^t}. St}-, #71 51 2<HH SLA] ji oi^ a)] 

<42> £ 3a, 3b, 3c, 3d, 3e, 3f ^ 3g^ t^S} «3 ^1 oflofl 43. ^pfe o}j%.^\c£\ 
Si tifl^-i: £^l?l^r ^ tfl^-S oi*]^ ^*Kr 3^* l+e^ ^oluf. 

<43> 51 3a, 3b £ 3ctt 213H1 ^€ «fl^= 2:^(35)* °l-g-*H >*fl£S] afl^ ^a^I 

^ ^-ic M-Bl-VS ^M^. 2l^(34)oll ^1«11 Sl^7> JI^sH $fe ^liofl tfl*ll, #71 «fl 

%t (35)« #71^1^^ ^^A) 7] ^-^ojoll ^7) *\}%.*\ Hfl^ 0 l ^Ml^o.^. 5} ^ 
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<44> £ 3d, 3e, 3f ^ 3g^ ^m^^zebrafish)^ \+7.} Xfli* °l-g-*H A oM «fl^ S^(35) 

^ *13K33)-§- 1-^ 31^1(34)^1 °)n 5L%& #7l \+*M|i3| chorion) (31) J>5L 

Al-7l^ £a1§>ji ^o.^, 5L 3e^ ^-71 o]^^ sl^!(33)ol ^lSB|-(31)^r ^f- 

sHjRr ^r^* £Als>i oicf. £ 3 fi- ^-71 3l5!l(33)ol ^(nuclear membrane) ( 32 HI 

(33) 0} ^(32)-!- ff^r S.^*- 51*1 £ 3g£l -*MHI^r ^>7l 

(33)^1 5a Hfl^ 2^-*f (35)7} jeaI^^ o|4. 

<46>5Etr, £ 4^ ^aHI^ ^ Hflo>(embryo) tfl^>-3. ^*Js>^ 

^-f^l ^"71 ^nJ-H ol-g.^-o, S M) ) M]s.°) ^-^cfl(zona pellucida), 

(cytoplasmic membrane), ^ (cytoplasm) ^ ^^-(nuclear envelop)-=r aHIS. jxJ-^-oi] nq. 

^ *3 ^ ^ sl = «JH 7}^}^. OfB^A-l , ^-71 ^nfn ^o] z}- 

^ ^^-tr ^ ^ 371-1- ^ &oH o]^^ « a UJt ^ 

#e]^«y s]sfll- #<y ^ , <S ^ ^ ^r+. 

<47> f^SflcHl^ S^o} ^ ^£1- Al Z| ^^.ofl^ <^*M, 7>*>^ ^ S*l- Cfl 

A o v *fl5L3 ^srsful #-§■ ^ 54^*11- ^*d*1 S^-7>o] zjigofl ^^^>^ 

*\}3. of^A^oi ^^1 «}-^o11 , ^ ^r^oll <i)tr ^ u rH ^1^^- ^l5L 

-S- ^ ^7) ^ Qt= ^iL# 0 l-§-*>^ ^"71 ^liS) 5J-211- ^4i5|-^ Al\£_ 2- 
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*]» ° S V ^ 5^1 3^31, °1tt *r3H *r f-*H A o V 7] 45^ Z\ 

nfl r^iLS]^ ?&9\ 3.7) f-o] ^iil- ^o^ C-flolEisf *V 3, 2^1 s)j=«Jj <*j 

i^lS 3)^^- ol-g-*! 45. S ^ ci^- <L>^^* #711 £4. 
<48> a o v 7 ] PVDFCPolyvinylidene fluoride) ^#^-5. 3:3 #3*1 ^# 

°1 ^>-§-% =r &feefl, 7l^l^o] ^^^o] ^-g-*}^ ^7l^o] ^a]Jt 7 }- IH^^ ^E)» 
°l-§-€- SH^r. A oM PVDF ^-§-£.5. ^*i*Rr ^-f, ^d^^ol ^ 

<49> £ 4^r t^ofl ^n]-H ^^^1 1 ^P-^^ll- M-H}^ ^olcf. 

<so> a o v 7 i ^d>h 3.4 (capillary) 4^(41), ^ ^(42), ^J±efl<£l ^(43), PVDF^H 

(44) ^ 2]2J!(45)°1 ^tflS ^Eflol^, ^ -^--g-ollir #3^7}- ^Efl^ afl i£ S 

• ^^"(46)1- ^Wl<5 r ZL 

<5l> ^n>e 3X1^1^ oj-g-^ 45 54, 45. <yaj^# ^38*Rr #7) «fl^ 

2l^(46)# °l-§-*r^ A)- 7l x|£o] Hfle^o. ^ a o v 7 ] ^-4*Rr n^*r 

cfl, °1 ^-t- ^"71 PVDF ^1^(44) ofl 2]^ 3.7)^ #7} PVDF^^i(44)^ cg^sj *h 

^1(£^151^ ^)» 45. S^HlTfl ^l^Cf. ^71 ^9] 3.7} ±r 2^ 

A>-g-7.> ojE-liHlol^l- ^^^s]^ a o V 7 ) 45 2-^ 7 |-ol) Til ^l^^lJl, ^-7] 45 2t^7>^- 
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7) ^9] 3.7]°)} 4^ a|£ <y^]^^- ^^JlS*), 9m ^ o\) ^ °X±± >£^-g- ^ 

<52> £ 5rr •& ^<H1 ^] 2 ^^N* M-B)-^ 

<53> a o 1- 7 ] ^ D >H ^ £ 5<HH £Als:>J7 ol^ ^-o] f ^vj)^ 3.S.(51), # ^ ^#(52), 

S^^M Hfl^ 2:^(55)3 ^-7] infH ^-7) tfj^ofl ©1^(53) 

(paryleneH Sl<H>H $.7)^/7)^ cfltF ^3 ^sfl ^ 

^3 A J-7l -y-71 PVDF^l^o] <gofl £ 7 ) ^ J* 

^ ^^^^(pyroelectric)* JSL^ 91^ ^^SlS. *t-%-xfrt±. 

<54> A o V 7 ) ^ D>B ofl^oflolEi (53)^7 ^ «^ ^A]ofl ^ej^^i 

S>JL SZ^l Sj-qV^- ^ olcf . ^71 ^Z]" ^iL^ ^ , A cM ^*]J}-^ ^] # O. 

3. S^*l Sj^- ^ ^Ji* AV^ofl ^}a} CflolE^ t!" A o V 7l ^31^ ^JZfA] « a V 

Wxr ^ ^^.4 alJE^-o.^ ^^*V A^ofl ^^*V 37 ] S ojgJjH =^«g«l-7fl 

1- °J^B ^-§-^iLsL*| , ^^1 3715. vflofl Cfl^" 

^-4*m Jl47> cfl^Vol ^]5to} jq^fll- 5)^2}-^- ^ 5Ucf. 
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<55> A o v 7 j £ 4 ^ i 5<H]>H £a]s>zl $1^ infB ^ «.«.oj] ^<gs} ti fl^= s^s] <H*1^- 

£ 2a, 2b 5J 2c<^l 5L^}.ji Sl^r ^-o] tf^Tfl ^ 91°-^ , ^7} i^S ^3!£r 

<56> £ 6 £- PVDF€^7> ^W]^ oj-^i ofl^olE-lofl 7}*H*lfe 7l 7j) 3 S£l(loadHl tfl tb PVDF43H^ 

<57> ^ Al^aio. pvdF4]1^(61), <^fHHEK62), H(63), ^z- 7 )( 64)> DAQ 

iL2=(65), *m ^7] (66) ^ ^]JL ^:^7l(67)# S^K^t ^^cf. ^ ^-^71(67) 

-S-^fl ^-71 ^3. 7 l(66Hl^*fl ^- 7 ) <y-^ ofl*o 1 lolEK62)# ^ 

^Al^li^-. ^7) ^^oflolEi(62)7> 7l7il^ ig-Oja, 7] 3] * *l<y-°| ^ 

EflS. t^H^t-fl, a o v 7 | 7]7il ^ a o v 7] SJ = ^(63)-i: ^"71 PVTM 

*U6lH <£^.£\°] 91^ A o v 7l ^7l(64)S. ^7l PVDF^1^(61)5.^-Ei 

#*Rr #7] ^§j-7l(64HH 7^3Xf ^E-ll- Aj-g-^c^ Aljsr 

< 58 > a o v 7 ] ^ a^eAo^ ^v 7 ] ^^71(64)1- 7^ #^^<y-4 ^-71 H(63)# 

€ -#7] DAQCData Acquisition) M.-E.(65)l- -f-sfl ^Sjjl, n ^sf 71313 ^ 

7}*}$r ^-f ^"71 PVDF4H(61HH #^5l^ 3. 7) ^3 ^7 r f-g- ^ & 

<59> aj. 7 ) pvDF^l^i(61)^ <i!- 1-cH, ^EjEfliH (cantilever) Efoi ^ oi o.^ _ ^e) 3)1*1 

^<£2) PVDF^Htt ^Tjlofl tcJ-Sf *fl^- £ A^ol ^Ej-^Tl] sM, ^gtfltf ^l^ofl -g- 
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<eo> a)ll- %o] , 2>6mm (^f-*fl: 44/an) 37l$] PVDR!H# efl ^ ^ 711*1 ^-f, 0.0395mN/mV^ 

<6i> s. 70 .a. g.tgs] qj *M<4H 4= ap^e ol-g-^1 ^li y o V ^^ *#£olcf. 

<62> ^n]-B 2l^# °l-g-*M ^3xr M}£. 2:*H1 olo^, ^ tfl# $^3. ^ 3^0. 

°l-g-*H J1^a]t'1j1(S101), #7l M]S.m M}2. S^H 3^KE^ *H2.2i\ afl^ ^^Al^lcl- 
(S102). #7l ^711 S102^lAi^ ^ Bfl ^: ^-71 ^n>E 3T|^lol ^ a.«.oii wfl^ 

#71 ^lS oil ^^+}^SLsm o]^6]*]^ t #7l Ufl^ S^^Rr ^ « 

oil 7^ S^-g; 5Hr ^^fl7> w>^§>^, 3q^loil ^ ^-71 ^JLl- 

71^ afl^= ^ S^-Ol ol^ol^^ ^o> ^5}-^Cf. AJ.7I ^ yfl^ 2:2]- 

^, #71 Jfli-g. n>ol3.£i 7Hle+, W #71 ^|3£S1 tifl^ol Qs}^ 

an^^l ^H^(S103), ^Kr wfl^cflS ^£]*1 ^ ^ofl^r #71 *m 

* S^-gr (S102). #7l *])2.d\} clltl «fl^ ^^ol ^Vfe nfl^ <Q-^. 
£1^, — n }J=. ^91* #71 cfl*> °|*]^* ^r^*lcf(S104). #7l i^B 

* °]-%-& 41 ^ # ^ ^^2l-SH(S105), #71 ^lsm o^zl- 
^H-b nefl^ ^>-g-7V ^E-lsllol^Hi ^i^-^cf(si06). #7l ZLBflS] A>-g-7.> olE^lol^Hi QigQ 

0 l-§-S}°i M]S. S^gr ^*RrCfl(S107), #71 <*7J ^if ^^tt 4| 

i #7l ^*}s|-5H ZLefl^ A>-g-^> ^E^H^L <*j z}. A^ofl ^ -g- -f- 

«M <2£r tilULt!: ^(S108), HlJE ^j^ofl tcf^ x\]£. ^f§-&}^ 

^cf(Sl09). 

<63> ufl^ol * <?1^* ^*Hr ^15. ^711 s-°j*l 4 

ioll cflsH -f-^fc^ Al-^oll c£o_ cflolE-loflA-1 ^1 ^(ofll- #0] ( ^li^-)^- ^Hf^ nfl 
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37l7> *fll ^ vflojl ^}Jl, m ^H^)* 
^ 3717} all 2 ^3 ^r*Rr ^"71 ^^1^ <33" ^J£7> ^-7) ^ o)± «^ 

°fl ^r*Rr *]# wlJH o.^ > c^i- #-§- ^-^al $1^ 3 ^ SlJl, ^7l ti]JE^ 

ozfofl tt]-e} Sn)-E jq^i^ 7}sfl3^ ^ 3 #7>Ai7l7m- #7l ^p>H t 1 

<64> s. 8 o. ^ ^A]^ofl af^ i^B sq^jo. oj-g-^V >*fl3E S3 ^ ^ A^Efl-j- u)- 

S3- Al^Efl^ ^Tfl ^^-^-(81), Tfl^ ^ ^l^H 2.1- (84), *M3L3. oflu|l-eflolE^ 2.1-C87), 
«1^^(88) ^ S3-7}(89)S ^^^4. ^-7] Tfl^ ^ 2.^(84)^ 31^(82) £ *1H^- 

(83)* i^>S.^- ^^M, -5J-71 n>ol^ S Dfl u|^eflolE-1 S.#(87)£ i^S 3*1*1(85) ^ 
M#eflolEl(86)» i^S.^- 
<65> ^u>e oj-g-^ ^£ ^*Rr ^-f , #3" ^iL ^ ^y] a) 

#^(88) 5? A oM ^^^-(81)2. -*fl3E. S3" ^<3M M}-^Kr *13" ^jl *J <*3 
4. #3 i4H cfltb ^13" W *H3, °>°la.s. ?H13- ^-4 -f- 

<66> *V^, ^"71 ^sjjofl 313. S3" ^T*JM ^zj- ^- 7 ] ^ 3_ 

1-(84)S. ^^^Cfl, ^-71 ^3- ^71 711^ ^ 2.^(84)* 91tt 

(82)ofl ^*fl °1 n fl, ^3" ^UL^r ^^sj-^^ ZLSfl3 A>-g-^> «yE^ol^s 

4 -S-Alofl aV 7 ) «-(81)^_ ^^-51^, Aj-71 S3"7>(89)7> ^71 ^^^-(81)5. ^3" 
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^ i^l^S. 7Vi^ o_s_ <*z}- a 7)1- ^ ojS.^- tb^f. S.6°ll ^ 

PVDF^dH^j #^tb 7l7fl^ s.= 7> #7>^-ofl 4^ PVDF^o] 0.^.01 a^^o.^ 

^<a-^ ^efls. ^ 91^-. 

7> ^ ^ ^iL^ 37l7> ^£^1^1 #*]^ ^ A-fli S^-o] o]±. &6)]*\ ^?$B)JL 

91^ *3SLQ t\^o] $-v±ig - o}o^ a]z}- ^^.nV^ ol-g-^ ^-fiU} E-j ^^-eV 

<68> ^, AV^ofl #7] cf| o| E| ^ *\}g. ^A ^*$$\ Sf4 ^ <* ^ ^^^H, ^ 

(83)^ ^*l2HH ^M_9± -# 7 | Z\}o}K\% V}ZL*}JL, =L ^uzj-ofl tcfa]- ^n>J= S^S] ^ofl 

^tb 1-<H , ^"71 iP}S JX] oldlE o}J=L t Al^ofl <y^E ^ 

3<?1*1 ^ ^1 cfltb *>J1, ^7) ^EJ^-^-^-Ei ^^w>^ *1 A] ti_V^ 

*H A o V 7l nflul-l-eflolE-l^ ^H^5.*j #7] ^c}B 3)^1 > jg^ ^ £ ^ 

ofl ^S] 3.7) ^ *1HW. 

<69> ojg«E ^l^.^ ^-cfl o1o]A^ ^-7] ^cf^ ^^>7]- ^ Zj-Z^-ofl ^^^ 7 ] ^_cf^ 
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<70> -g- ^d\) a}-s ^pj-E jX^jzj. ^nfE 3] ^11- oj-g-fV Afljc 2:3" «o V ^ ^ 3. ^^ejofl ^fV ^ 

*Hfe ##tb #3L, 7l# £°HH ^-Aj-o] 7 |,)o 7> ^1 A> 

<71> ^ofl olo^A^ 43c 2:3-*}-°] ^^iofl ^Tfl&oj ^^>^^ $] A] # Lflofl ^ 

JL£ # ^ 2:3- cflAj-C] 4£o] afl*^ Hfl^ o]-g- 

<72> g:^ ^. aVnjofl ^ ^ j^o. ^ h] ^ ^-*}<*| <gi=. A] Z]- ^ £j ofl Ajj 

-f-*H 3fe ^3" ^iL» ^15*11 tfl^ -f-*fi a}*hi 9i 

Ai^oflA^ ^Tjajo^ oj^ B Aj-7] 454 tfl^ ^-33 ^sfll- a^s)-*}^ 

45 2:3"* ^« ^ <&±r 3"^°1 5^. 
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1] 

45 ^4 Uj^Jf , aj^JjL, 4<^«-, ZIBfl^ Af-g-^ OlEiaflcl^ * ^ 3X]^^ »V 

°]3S 4^#3H^ A^E ^Sjlofl 

2] 

#7l 4^= s^^Rr 4M€-4°1^ 7>-B-£» 7>*H, ^71 4S.S1 

3] 

41 ^4 5A°H. 

<#7] 4^= 2^Jf^r ^44 *}£r 45. S^-i- in>H 2]51. 

[3 ^8" 4] 

4i *eh4 
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i^^ty 5] 

*IU *<M1 &<>H. 

#7} nfl^ S^^-fe #7l in}E ^sjicq ^o^JjL^ a o v 71 ^lio] ^(penetration)^ 

[^n 1 ^- 6] 

^11 *<H1 Sl<H>H , 

#7l *m 2:^^ #7l >*fli^ n>#^^- ol-g-^o^ Hfl^ ^A^lfe ^oj^. ^lo S ^ 
[3^* 7] 

#7l afltg: #71 Sl^Hl o^Sfl #71 Afl« ^ ^ol ot^j.^ #BfloflA^ #7l Afl£ 

8] 

*fli *cHl sa«H>H. 

A oM ^dH^ #71 ^ ^ilf #71 ^Jf-S. ^^Hr ?J°J-g- *}±= M] 

91 

*fll *cH 9X°1*\, 

#71 ^"-^ oj-^l S-g^ Ajl^o] ^joj^. s.^o.s. *Vfe 45 S#-§: i4S ^1^. 
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10] 

*fll *<M1 5a°H, 

A oM ^H^tt ?vB&|efltH (cantilever) ^^SLS. sRt *\}S. i^e 

si*. 

1 3^ 111 

XI 2 %H1 &°H, 

[$^* 12] 

>y-7l #5Hfe PDMS( Po 1 yd i met hy 1 s i 1 oxane ) °d ^J°.S Afl5E. S^M: ^°rH 

13] 

\%=?*b 14] 
xi 9 *oHi sa<H^, 

A oM PVDFCPolyvinylidene Fluoride) 3 0 J-§- ^-^^5. ^ S^-§- 
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15] 

*IU ^ *fll4 ^ $ %H1 £M^, 

16] 

*fll5 %H1 5a°H, 

IS AfliE. 2:4* i4B 

17] 

^PH^-fr ^altt s)^* ol-g-tl: 24 91°]*], 

24 ^ 4fl^JHfr ^-«fl <^4 ^*13J-*Hir # 31(a); 

^"71 #7fl(aHH f^l^HS A o V 7l <*4 ZL^ A}-g-*> olBl^oliS. ^iHrRr ^Tfl(b); 

A o V 7] #?H(b)*lM *34 ^15. ^*3*Rr ^^1(C)» 5E^Rr 3 

* ^AS i^E ol-g-^1- Afli 24 
[$^$- 18] 

A o V 7l #711 (a ^^]2}-£)b <34 ^iUr 4H°fl Sl*H ^33<H ^l^fe 3* ^ 

AS 2n>;§. o].g-*V M]S. 24 «o V ^ • 
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19] 

*fll7 *cHl 9X°]*\, 

45. « 0 >^ . 

20] 

A o v 7l cfloiEii- # 31(d); ^ 

A cM £?]l(dHH°l hIje ^3foH n^-ef 4£ S *M- ^*Hr ^ 31(e)* i^Hr 
5. ^p>B ^55* ol-g-tt S^- y o v ^ . 

[3^8" 21] 
^120 %H1 5^1, 

^^1^>J1 91tt *H cflt!" <S^r 5^1- ^HJiLS. *}^r ol-g-^1- 

[^^8- 22] 

AA ^ ^ 

— S- S}-^ ^u}H 3X]^1# ol-§-*V ^Efl. 
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[^t 1 * 23] 

422 %H1 Si^H, 

a 0 v 7 ] 7j-zv ^ ^]-^ ^-71 i^S ^-7) a]z^ ^if al^«- ^ a o v 7 ] 

i°}S ^4 4M ^1 ^ <^ ^iL# <2^r lt5}^ f>\±r ^} 

H o] -g-tb 41 54 

24] 

XI 22 %H1 5fl<>H, 

i^B S^-fr ol-g.*V 41 ^ AlAEl, 

[^t 1 * 25] 

xi 22 %hi sa°H, 

A o V 7l 31 ^7] ^4 ^^^l £171 S L^lfe ^ iB }E ^^Kg. 

0 l-§-tb 41 ^4 
26] 

422 *J-ofl 5fl°H, 

» ci l^Rr 3J-§r ^ oj-g-^V 41 £2}- Al^Efl 

27] 

426 *J-°fl 5U<H>H. 
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^3 H7l ^-S- ^'0 S ^ in}E jr)^ ol-g-*V Afli Al^Efl. 
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[5L 3f] 
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